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ABSTRACT
Sufficient intakes of functional foods containing significant amount of dietary fibre in daily diet are beneficial to human 
health especially in preventing the prevalence of non-communicable diseases (NCDs). In this study, young corn powder 
(YCP) was added into Malaysian star cake (Baulu Cermai) to replace wheat flour (WF) partially at the formulations of 
5, 10 and 15%. Baulu Cermai with 100% WF and 0% YCP was used as the control. The aim of the present study was to 
evaluate the effects of YCP addition on the nutritional composition, textural properties and sensory attributes of Baulu 
Cermai. The results showed that the mean values of moisture, ash, fat and protein content of Baulu Cermai increased in 
line with the levels of YCP incorporation. In addition, the total dietary fibre (TDF) content was increased proportionally 
with the increasing levels of YCP added into Baulu Cermai. Addition of YCP did not show any predictable trend in all 
the textural properties of Baulu Cermai. Meanwhile, the aroma, chewiness and tenderness increased in parallel with 
the increasing percentages of YCP added in the formulated products. Baulu Cermai added with 10% of YCP showed the 
highest score of overall acceptance. Addition of YCP at 10% into Baulu Cermai increases moisture, ash, fat, protein 
and total dietary fibre content without significantly affecting the textural properties and the sensory attributes of Baulu 
Cermai. Addition of YCP at 5% to replace WF partially in Baulu Cermai resulted in slight improvement of TDF and fat but 
does not affected moisture, ash, protein content and acceptability of the consumers. 
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ABSTRAK
Pengambilan makanan berfungsi yang mengandungi serat dietari yang signifikan dalam diet harian memberi manfaat 
kepada kesihatan manusia terutama sekali dalam membendung prevalens penyakit tidak berjangkit (NCD). Dalam 
kajian ini, tepung jagung muda (YCP) telah ditambahkan ke dalam kek bintang Malaysia (Baulu Cermai) menggantikan 
sebahagian tepung gandum (WF) pada tahap 5, 10 dan 15%. Baulu Cermai yang mengandungi 100% WF dan 0% YCP 
digunakan sebagai kawalan. Tujuan kajian ini adalah untuk menilai kesan penambahan YCP terhadap komposisi nutrien, 
ciri tesktur dan atribut sensori Baulu Cermai. Hasil kajian menunjukkan kandungan kelembapan, abu, lemak, protein dan 
serat Baulu Cermai bertambah seiringan dengan pertambahan peratus YCP. Sebagai tambahan, kandungan jumlah serat 
dietari (TDF) telah meningkat secara signifikan selari dengan peningkatan paras YCP dalam formulasi Baulu Cermai. 
Penambahan YCP dalam Baulu Cermai tidak menunjukkan sebarang corak dalam kesemua ciri tesktur. Di samping itu, 
atribut bau, kekunyahan dan kelembutan bertambah selari dengan peningkatan peratusan YCP dalam formulasi produk. 
Baulu Cermai yang mengandungi 10% YCP merupakan sampel yang paling disukai oleh para panel sensori. Penambahan 
YCP sebanyak 10% dalam Baulu Cermai meningkatkan kandungan lembapan, abu, lemak, protein dan TDF serta tidak 
mempengaruhi ciri tekstur dan atribut sensori Baulu Cermai. Penambahan YCP menggantikan sebahagian WF pada 
paras 5% meningkatkan sedikit kandungan TDF dan lemak tetapi tidak mempengaruhi kelembapan, abu, protein dan 
penerimaan pengguna. 
Kata kunci: Atribut sensori; Baulu Cermai; jumlah serat dietari; komposisi nutrisi; tepung jagung muda
INTRODUCTION
Non-communicable diseases (NCDs) are global crisis which 
draw the attention of the world population (Beaglehole 
et al. 2011). NCDs refer to heart disease, stroke, diabetes, 
chronic respiratory ailments and cancers (WHO 2010). 
Parallel with the increasing occurrence of NCDs, people 
have become more conscious that diet is capable of 
modifying human health. As a consequence, there is a 
mushrooming production of functional foods and increased 
availability in the market. 
	 Dietary	fibre	is	defined	as	the	storage	and	structural	
polysaccharides as well as lignin found in plants which are 
not digested in both the human stomach and small intestine 
(Marlett et al. 2002). It can be divided into water-soluble 
and water-insoluble components (Gorinstein et al. 2001). 
Soluble	fibres	can	be	found	mostly	in	oats	products,	dried	
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beans, certain fruits and vegetables. Meanwhile, most 
plants	are	good	sources	of	insoluble	fibre	(Anderson	et	al.	
1994). 
 Dietary fibre is known as a key component in a 
healthy diet due to its ability in preventing and mitigating 
various diseases (Kaczmarczyk et al. 2012). People with 
a	significant	amount	of	fibre	 intake	are	at	 lower	 risk	of	
developing a variety of diseases and health problems 
(Lairon et al. 2005; Liu et al. 1999; Montonen et al. 2003; 
Petruzziello et al. 2006; Steffen et al. 2003; Whelton et 
al. 2005) compared with those who consumed less dietary 
fibre (Anderson et al. 2009). The RNI for dietary fibre is 
20-30 g/day (NCCFNM 2005) but more than half of the 
Malaysian	adults	consumed	 less	 than	20	g	dietary	fibre	
per day (Ng et al. 2010).
 Young corn or baby corn is the ear of the maize 
plant (Zea mays L.) which is harvested young, especially 
before or just after the silks have emerged and there is no 
fertilization occurred (UNDP 2001). It is very rich in dietary 
fibre in which the dried young corn contains 30.4% of total 
dietary	fi bre (TDF) (Wan Rosli & Che Anis 2012). Usually 
it is used as vegetable or removed as its nutrient contents 
and potential functional properties are still not well known 
(Wan Rosli & Che Anis 2012). 
 Baulu Cermai is a famous Malaysia traditional local 
kuih which is served during festivals particularly during 
Hari Raya celebration and it is easily obtained from stalls 
and shops nowadays (Rosniyana et al. 2011). However, it 
contains high carbohydrates and low minerals as well as 
vitamins (Khatijah et al. 1992). Furthermore, the milling 
of	wheat	kernel	during	the	manufacturing	of	wheat	flour	
leads to the elimination of the bran and germ and thus the 
partial removal	of	the	dietary	fibre	as well as other nutrients 
(Figoni 2008). Tee at el. (1997) reported that there was no 
dietary	fibre	contained	in	Baulu Cermai.
 In the present study, the wheat flour used in the 
preparation of Baulu Cermai was replaced with four levels 
(0, 5, 10 and 15%) of young corn ear powder (YCP). The 
aim of the study was to evaluate the effects of YCP addition 
on the nutritional composition and acceptability of Baulu 
Cermai.
MATERIALS AND METHODS
YOUNG CORN EAR POWDER (YCP) PREPARATION
The fresh young corn (Zea mays) ears were purchased 
from Siti Khadijah wet market in Kelantan, Malaysia. The 
young corn ears were detached from the husk, tassel, silk 
and washed under the distilled water. Next, the fresh young 
corn ears were julienned, air dried at room temperature 
for 3 days and oven dried (Mermert, Germany) at 55°C 
until brownish threads were obtained. After that, the dried 
young corn ears were ground into powder and kept in the 
screw cap bottle at 4°C before further analyses (Wan Rosli 
& Che Anis 2012). The YCP was used in the preparation 
of Baulu Cermai.
PREPARATION OF BAULU CERMAI
The ingredients used in Baulu Cermai were shown in Table 
1. Firstly, the sugar and eggs were beaten into thick smooth 
form.	Then,	the	wheat	flour	(WF) and baking powder were 
sifted in and stirred well. The WF was substituted with YCP 
partially at the levels of 0% (100%WF:0%YCP) for control, 
5% (95%WF:5%YCP), 10% (90%WF:10%YCP) and 15% 
(85%WF:15%YCP). The amount of YCP used in Baulu 
Cermai formulations were 0.0 g for control, 1.2 g for 5%, 
2.3 g for 10% and 3.5 g for 15%, respectively. The batter 
was poured into the mould and baked at temperature 170°C 
until golden colour. 
NUTRITIONAL COMPOSITION
The samples of Baulu Cermai were analysed for the 
moisture (air-oven method), total ash (dry-ashing 
method), crude fat (Soxhlet method) and protein (semi-
micro Kjeldhal method) content based on the methods in 
Association	of	Official	Analytical	Chemists	Methodology	
(AOAC 1990). Meanwhile, TDF content of the samples 
was determined by enzymatic gravimetric method (AOAC 
1990).
TEXTURE PROFILE ANALYSIS (TPA)
The	firmness,	cohesiveness,	springiness,	gumminess	and	
chewiness of Baulu Cermai samples were analysed by 
using a Texture Analyser TA-XT2 (Stable Micro Systems, 
surrey, UK). Calibration was conducted prior to the tests. 
The samples were cut into uniform size (25×40 mm 
diameter) with the crust removed. The probe with 75 mm 
diameter was used and it was set at pre-test speed (1.0 
mm/s), test speed (5.0 mm/s) and post-test speed (10.0 
mm/s). The probe compressed the samples twice to the 
depth of 50% at a 5 g force (Kalinga 2010). Each test 
was done in triplicate. The textural properties were then 
evaluated from the graph (Gòmez et al. 2007).
TABLE 1. Types and quantity of ingredients used in Baulu Cermai preparation YCP Levels (%)
Ingredients Control (0%) 5% 10% 15%
Sugar (g)
Wheat	flour	(WF) (g)
YCP (g)
Baking powder (g)
Egg (nos)
34.0
23.0
0.0
1.0
1.0
34.0
21.8
1.2
1.0
1.0
34.0
20.7
2.3
1.0
1.0
34.0
19.5
3.5
1.0
1.0
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SENSORY EVALUATION
Sensory evaluations were carried out by 50 untrained 
consumers consisting of students and staff of the School 
of Health Sciences, Universiti Sains Malaysia Health 
Campus. All samples of Baulu Cermai were judged by all 
panelists according to their preferences. The acceptability 
attributes were evaluated by panelists via seven point 
hedonic scale and the ratings were done according to the 
intensity of the panelists’ preferences (0 = dislike extremely 
and 7 = like extremely) for the attributes of aroma, colour, 
chewiness,	tenderness,	flavour	and	overall	acceptance.	
DATA ANALYSIS
The	data	obtained	were	analysed	for	significance	by	using	
Analysis of Varians (ANOVA) and Tukey test (SPSS Inc., 
Chicago, IL, USA).	The	significance	level	was	established	
at p<0.05. 
RESULTS AND DISCUSSION
NUTRITIONAL COMPOSITION AND TDF CONTENT
The nutritional composition of Baulu Cermai formulated 
with four different levels of YCP was shown in Table 2. 
Addition of YCP	at	5%	to	replace	wheat	flour	(WF) partially 
does not affect the the mean values of moisture and ash 
as compared with control. When the levels of YCP were 
increased up to 15%, the amount of moisture and ash were 
significantly	elevated	to	19.43	and	1.42%,	respectively,	as	
compared with control (16.12 and 1.27%, respectively). 
In other nutrient, addition of YCP up to 15% to replace WR 
partially does not affect the protein content (13.53-14.21%) 
as	compared	with	control	(13.38%).	Similar	finding	was	
reported by Skuarray et al. (1988) who suggested that 
increment in moisture content was due to the high fibre 
content of the ingredient added into Kuih Baulu. The 
possible mechanism involved was the absorption of water 
molecules by the free hydroxyl groups found in cellulose 
and hemicellulose which led to a higher water holding 
capacity (Sangnark & Noomhorm 2004). Subsequently, 
the moisture content in the food studied was increased.
 Furthermore, the fat content of Baulu Cermai added 
with YCP	at	all	percentages	was	significantly	higher	than	
the control (0%). In terms of moisture, ash and fat content 
of Baulu Cermai, these	findings	were	in	agreement	with	the	
study conducted by Rosniyana et al. (2011). Meanwhile, 
the	significant	increase	in	ash	content	of	Baulu Cermai with 
15% of YCP was also similar with the other baked products 
such	as	muffins	with	the	incorporation	of	Fenugreek	seed	
husk (Srivastava et al. 2012). However, the increment was 
significantly	seen	in	5,	10	and	15%	of	Fenugreek	seed	husk	
added	into	the	muffins	whereas	in	the	present	study,	only	
10 and 15% of YCP	showed	a	significant	increase	in	the	
ash content of Baulu Cermai. The difference might be due 
to difference in the ingredient used in the study. 
 Apart from that, TDF content of Baulu Cermai 
increased proportionally with the levels of YCP added into 
the samples, ranging from 0.40% (control) to 4.48% (15%). 
The TDF values	 in	 the	 present	 study	were	 significantly	
different among all treatments. The increase in TDF content 
was similarly observed in studies which involved the 
incorporation of YCP into the cookies (Wan Rosli & Che 
Anis 2012) and yeast bread (Lim & Wan Rosli 2013).
 There are a number of studies which also supported 
that	incorporation	of	fibre-rich	ingredients	would	lead	to	
an increase in the TDF content of the food products studied. 
These studies include processed food samples added with 
matured	 green	 banana	 flour	 and	 oat	 ß-glucan	 (Chong	
& Noor Aziah 2009), dietary fibre-rich orange bagasse 
product (Romero-Lopez et al. 2011), mango peels (Ajila 
et	al.	2008)	and	soy	bean	flour	(Ndife	et	al.	2011). 
TEXTURAL PROPERTIES
Table 3 shows the textural properties of Baulu Cermai 
added with different percentages of YCP. According to 
the results, there was no predictable trend shown in the 
firmness, cohesiveness, springiness and gumminess 
attributes of Baulu Cermai. Nonetheless, there was a 
significant increase in the firmness of Baulu Cermai 
supplemented with 5% of YCP in comparison with the 
samples with 0, 10 and 15% of YCP.	The	present	finding	
was not in line with other similar study. For instance, 
Srivastava et al. (2012)	 reported	 that	 the	 firmness	 of	
muffins decreased proportionally with the increasing 
levels of fenugreek seed husk added whereas green tea 
powder	was	shown	to	increase	the	firmness	of	sponge	cake	
significantly	and	proportionally	(Lu	et	al.	2010).	
 In addition, Baulu Cermai with 5% of YCP was 
gummier than the control (0%) but the increase was not 
significant.	Further	addition	of	YCP	led	to	an	insignificant	
TABLE 2. Proximate compositions of Baulu Cermai with YCP addition
YCP Level 0% 5% 10% 15%
Moisture
Ash
Fat
Protein
TDF 
16.12 ± 0.2b
1.27 ± 0.01b
7.24 ± 0.03b
13.38 ± 0.18a
0.40 ± 0.07d
17.84 ± 0.39ab
1.36 ± 0.05ab
8.31 ± 0.13a
13.53 ± 0.55a
0.44 ± 0.30c
19.12 ± 1.79a
1.42 ± 0.06a
8.50 ± 0.09a
14.02 ± 0.16a
2.94 ± 0.26b
19.43 ± 0.06a
1.42 ± 0.02a
8.51 ± 0.23a
14.21 ± 0.22a
4.48 ± 0.35a
a-b Mean	values	within	the	same	row	bearing	different	superscripts	differed	significantly	(p<0.05)
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decrease in the gumminess compared with the control 
(0%). Meanwhile, Baulu Cermai became less chewy as 
the percentage of YCP increased. The reduction in the 
chewiness	was	significantly	different	between	the	control	
(0%) and Baulu Cermai containing 15% of YCP as well as 
between the samples containing 5 and 15% of YCP.
 Meanwhile, the springiness of Baulu Cermai was 
diminished	 compared	with	 the	 control	 (0%)	 reflecting	
a denser crumb due to the addition of YCP. The results 
were	similarly	observed	in	the	substitution	of	wheat	flour	
with	chickpea	flour	in	the	layer	cake	(Gómez	et	al.	2008).	
Chewiness is a secondary texture parameter obtained 
by multiplying the firmness with cohesiveness and 
springiness.	It	is	related	to	the	difficulty	to	chew	the	food	
samples and to form a bolus. A decrease in the chewiness 
was also reported by Martínez-Cervera et al. (2011) after 
the addition of cocoa fibre	 into	 the	 chocolate	muffins.	
According to these researchers, it was due to the presence 
of greater moisture bounded by the fibre which led to a 
denser sample to be chewed.
SENSORY ATTRIBUTES 
Table 4 shows all the attributes of Baulu Cermai formulated 
with four different levels of YCP that was perceived by 
the panels in sensory analysis conducted. The aroma, 
chewiness and tenderness attributes scores increased 
in parallel with the levels of YCP. In addition, there 
was	 a	 significant	 difference	 observed	 in	Baulu Cermai 
incorporated with 15% and control (0%) for colour, 
chewiness and tenderness attributes. As for other attributes, 
there	was	no	significant	difference	observed.	
 The colour of the control (0%) scored the highest 
(5.32) among all the samples and it decreased beyond 5% 
of YCP addition. The reduction was due to the darker colour 
of Baulu Cermai as the percentage of YCP increased. This 
situations may be contributed by the Maillard reaction 
between the fructose which is one of the main sugars found 
in the dried young corn (Wan Rosli & Che Anis 2012) and 
the amino acids when thermal process were applied in 
the preparation of Baulu Cermai (Jaeger et al. 2010). The 
current	finding	was	in	agreement	with	the	incorporation	
of stabilised rice bran into Kuih Baulu (Rosniyana et al. 
2011).
 Based on the present results, the increasing preferences 
of	 the	 aroma	 and	flavour	 in	 line	with	 the	 increment	 of	
YCP	 added	were	 due	 to	 pleasant	 flavour	 and	 aroma	of	
the young corn in the Baulu Cermai which was more 
preferred. However, a further increase of YCP at 15% 
reduced	 the	 flavour	 score	 suggested	 that	 10%	of	YCP 
added into the Baulu Cermai was the highest percentage 
preferred by sensory evaluation panellists. This can be 
further convinced by the highest overall acceptance scores 
(4.84) of Baulu Cermai incorporated with 10% of YCP 
was the most preferred by the panellists. Nonetheless, the 
panellists preferred the aroma (4.66), chewiness (4.96) 
and tenderness (4.78) of Baulu Cermai added with 15% 
of YCP. 
 In terms of chewiness and tenderness, the addition of 
15% of YCP	exhibited	a	significantly	increased	preference	
compared with the control (0%). However, Lim and Wan 
Rosli (2012) reported that supplementation of 4 and 6% 
of YCP into the yeast bread decreased the tenderness. 
CONCLUSION
In conclusion, 10% addition of YCP into Baulu Cermai 
increased the moisture, ash, fat, protein and total dietary 
TABLE 3. Textural properties of Baulu Cermai with different levels of YCP
YCP Level 0% 5% 10% 15%
Firmness (kg)
Cohesiveness
Springiness
Gumminess (kg)
Chewiness (kg)
0.87 ± 0.12b 
0.97 ± 0.01a
1.69 ± 0.04a
0.85 ± 0.11ab
1.44 ± 0.21a
1.23 ± 0.20a
0.91 ± 0.04a
1.23 ± 0.23a
1.13 ± 0.21a
1.42 ± 0.50a
0.73 ± 0.09b
0.95 ± 0.05a
1.29 ± 0.12a
0.69 ± 0.05b
0.88 ± 0.03ab
0.60 ± 0.02b
0.92 ± 0.05a
1.14 ± 0.36a
0.55 ± 0.01b
0.62 ± 0.18b
a-b Mean	values	within	the	same	row	bearing	different	superscripts	differed	significantly	(p<0.05)
TABLE 4. Sensory attributes of Baulu Cermai with different levels of YCP 
YCP Level 0% 5% 10% 15%
Aroma
Colour
Chewiness
Tenderness
Flavour
Overall 
Acceptance
4.30 ± 1.33a
5.32 ± 1.25a
4.22 ± 1.46b
3.92 ± 1.71b
4.68 ± 1.36a
4.50 ± 1.34a
4.36 ± 1.44a
4.70 ± 1.34ab
4.28 ± 1.46ab
4.32 ± 1.63ab
4.80 ± 1.62a
4.62 ± 1.52a
4.60 ± 1.33a
4.68 ± 1.08ab
4.76 ± 1.27ab
4.64 ± 1.32ab
4.90 ± 1.36a
4.84 ± 1.22a
4.66 ± 1.51a
4.48 ± 1.40b
4.96 ± 1.38a
4.78 ± 1.42a
4.74 ± 1.28a
4.82 ± 1.19a
 
a-b Mean	values	within	the	same	row	bearing	different	superscripts	differed	significantly	(p<0.05) 
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fibre	 content	without	 significantly	 affecting	 the	 textural	
properties and the sensory attributes of Baulu Cermai. 
Addition of YCP at 5% to replace WF partially in Baulu 
Cermai resulted in slight improvement of TDF and fat 
but does not affected moisture, ash, protein content and 
acceptability of the consumers. Therefore, further study 
needs to be conducted with the intention of enhancement 
of TDF and other essential nutrients while at the same time 
reducing the fat content. 
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